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Thermal analysis of cobalt molybdate, CoMoO•.I-H,O have been studied by DTA and TG
techniques and the different transition products obtained from the thermal analysis have been
characterized by X-ray diffraction and infrared spectroscopy. DTA thermogram shows two
endothermic peaks at 120' and 740°C, one endothermic dent at 350°C and one exothermic peak
at 370'C. The first endothermic peak is due to dehydration, as is evidenced by TG, X-ray and
IR studies. At 370°Ccobalt molybdate decomposes to its component oxides CoO and Mo03 and
at higher temperature Mo03 further decomposes to lower valent oxides of molybdenum.
COBALT molybdate is known to be an excellentcatalyst for many oxidation, desulphurization,dehydrosulphurization reactions-'?", Litera-
ture on the structural characteristics of cobalt
molybdate reveals that not much work has been
done on the subject except for a few publicationst>'".
The object of undertaking this problem was to
study the thermal characteristics of cobalt molyb-
date by DTA and TG techniques and to identify
the phase changes, if any, by IR and X-ray diffrac-
tion.
Materials and Methods
Preparation of cobalt molybdate - Cobalt molyb-
date was obtained as a violet precipitate when a
solution containing 227 g of cobalt nitrate in one
litre of water was mixed with a solution of ammo-
nium molybdate (136'5 g) in 600 ml of water and
80 ml of ammonium hydroxide. The precipitate
was filtered, washed thoroughly and dried at 105°
for 12 hr and ground to 100 f.I. (ref. 14). AU the
reagents used were of AR quality.
Chemical analysis - Mo(VI) was analysed as
lead molybdate (Pb Mo04) by precipitation from
its solution with lead acetate at pH 3 in acetic acid.
Cobalt (Co2+) was estimated gravimetrically as
CoS04• Cobalt oxide was precipitated by adding
alkali and Na202 and this was converted to CoS04
in a silica crucible.
Water was estimated using Coleman carbon-
hydrogen analyser by absorption of water on an-
hydrous magnesium perchlorate. For the detection
of ammonia, cobalt molybdate was subjected to
the usual test of nitrogen using a nitrogen analyser.
Instrumentation and procedure - Differential
thermal analysis, thermogravimetric analysis, X-
ray diffraction and infrared spectroscopy have been
discussed earlier in details15,16.
Results and Discussion
The chemical composition of this catalyst is
established as CoMoOdH20 (Co=25·67%; Mo=
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42·08%; H20=4·72%; • H3=0·32%). The sample-
contained traces of absorbed ammonia as impurity
which could not be removed even after repeated
washing.
The thermograms of cobalt molybdate in air are
shown in Fig. 1. The DTA curve shows an endo-
thermic peak at 120° (range 30-240°) a small endo-
thermic dent at 350° (range 300-355°) followed by
an immediate sharp exothermic peak at 370° (range
355-390°) and another small endothermic peak at
740° (range 700-760°). The TG curve indicates a.
continuous weight loss right from room temperature.
Up to 250c the loss of weight is 5·2% which indicates-
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Fig. 1 - DTA and TG of cobalt molybdate
DE et al.: THERMAL BEHAVIOUR OF COBALT MOLYBDATE
TABLE 1- RESULTS OF X-RAY A~ALYSIS OF COBALT MOLYBDATE
Cobalt molybdate at 2000 Cobalt molybdate at 4000 Cobalt molybdate at 7500
._---------------
Line Intensity d Line Intensity d Line Intensity d
(A) (A) (A)
1 ',\V 4·30 1 5 3·293 1 w 1-405
2 V\V 4·05 2 IllS 2·697 2 w 1·443
3 w 3846 3 V\\" 2·272 3 w 1·473
4 \\" 3-455 4 ms 2·10 4 III 1·509
5 vv 3·22 5 \"w 1·90 5 \V 1'60
6 YV\V 2·94 6 w 1·727 6 w 1·726
7 \·V\V 2·64 7 V \7\\' 1·521 7 w 1·90
8 v vv« 1·271 8 III 2·07
9 vw 2·19
10 w 2·31
11 w 2·73
12 m 2·09
13 vw 3·33
14 w 3-47
that all the water and ammonia have been removed
at this temperature. Up to about 3700 the total
weight loss is 8·1% thereafter a gradual slow weight
loss is observed.
The results of X-ray analysis are presented in
Table 1. The X-ray analysis of the sample at 250°
shows that cobalt molybdate exhibits certain d-
values which do not show the lines for CoO or MoOs.
Moreover, the lines are very weak indicating the
amorphous nature of the catalyst. At 400°, how-
ever, some lines appear whose d-values are identical
with those reported for pure CoO and MoOs in the
ASTM X-ray powder data file. At 750° some more
lines appear which are identical with the lines of
the polyoxides of molybdenum like M040l6, etc.
These lines are also identical with those reported
by Ricol and Hackspit-".
The IR spectrum of the original compound ex-
hibits significant bands at 940, 860 and 780 =:
attributable to vMo-O and bands due to partial
absorption of lattice and coordinated water. .In
addition to these, some other bands representmg
O-H stretching, wagging, rocking, and H-O-H,
M-O-H bending mode of lattice water etc. (3420,
1620, 1150 cm+) are also discernible in the IR
spectrum. The bands at 940 crrr! is. due to
vMo=0 in pure cobalt molybdate and this molyb-
denum oxygen double band is responsible for the
catalytic activity of the molybdate':". Th~ ~ample
heated to 250° retains all the charactenstic IR
features of the original sample, except the absence of
bands due to lattice and coordinated water suggesting
thereby that all the water present have been removed
at this temperature. Samples at 400° and 750°
display in their IR spectra a number of bands at
935,835,790 crrr" and 935, 830, 760 cm-l respectively,
indicating that the catalyst has undergone consider-
able change during the heat treatment. .
The first endothermic peak in the DTA curve IS,
therefore due to the elimination of water as has
been co~firrned by TG, X-ray and IR studies.
Results of X-ray analysis at 250° do not indicate
the presence of CoO, MoOa, etc. But these are
found to be present at about 350° where the endo-
thermic dent appears. Hence it is likely tha~ after
the dehydration reaction cobalt molybdate IS d~-
-composed into component oxides. The exothermic
peak at 370° is due to phase changes in the oxides
formed. The gradual weight-loss after this tem-
perature is due to either sublimation of MoOs
or elimination of oxygen and formation of non-
stoichiometric polyoxides of molybdenum.
The sublimation point of MoOs is 540°. It is
unlikely that due to presence of metal ions the
sublimation point of MoOs will be lowered to such
an extent that MoOs will begin to sublime from
370°. Most probably the exothermic lattice trans-
formation at 370° is responsible for the elimination
of oxy 6cn from MoOs.
Correlation of the physicochemical properties
with the activity and selectivity of cobalt molyb-
date for various reactions could not be made for
lack of adequate data.
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